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(54) Friction welding method 

(57) In a friction agitation joining method for joining 
metallic joining members, a joining device (3) having a 
column-shaped rotor (30) of a larger diameter and a pin- 
shaped probe (32) of a smaller diameter integrally 
formed on an end' of the rotor (30) and protruded along 
an axis of the rotor (30) is used for joining the metallic 
joining members (1)(2). The probe (32) is rotated and 
inserted into or around a butted portion of the joining 
members (1)(2) to soften a contact portion contacted by 
the probe (32) by friction heat and to agitate the contact 
portion so that the joining members (1)(2) are butt 
joined. Each joining member (1)(2) has a thick portion 
(10) (20) at a butting side thereof. The rotating rotor is 
contacted to the thick portions (10)(20) under pressure 
to soften the thick portions (10)(20) by friction heat so 
that a gap formed at the butted portion is filled with the 
materials of the softened thick portions (1 0)(20). 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a friction agitation joining method for joining metallic joining members, and relates 
more particularly to a friction agitation joining method for butt joining metallic members to be joined, such as aluminum 
members or its alloys. 

10 

2. Description of the Related Art 

Conventionally, as a friction agitation joining method, which is one type of solid-phase joining method, the following 
method has been proposed. In the method, a joining device 103 as shown in Fig. 3 has been used. The joining device 

is 1 03 is provided with a column-shaped rotor 1 30 having a larger diameter and a pin-shaped probe 1 32 having a smaller 
diameter. The probe 132 is integrally provided on an end of the rotor 130 so as to protrude along an axis of the rotor 
1 30 and is made of materials harder than that of the members 1 01 , 1 02 to be joined (hereinafter referred to as "joining 
members"). While rotating the rotor 130, the probe 132 is inserted into a butted portion of the two members 101 , 102. 
Generally, such insertion of the probe 132 will be performed until an end face 131 of the rotor 130 on which the probe 

20 1 32 is formed, touches the joining members 1 01 , 1 02. And then, while the probe 1 32 is inserted in the abutted portion, 
the probe 132 is advanced against the joining members 101 , 102 along the abutted portion. At a portion of the joining 
members 101, 102 where the probe 132 contacts and around thereof, the materials of the joining members 101, 102 
will be softened by the friction heat generated due to the rotation of the probe 132 and agitated by the probe 132. In 
accordance with the advancing movement of the probe 132, the softened and agitated materials of the joining members 

25 1 01 , 1 02 are plastically f luidized to go around the probe 1 32 and to full up a grove formed behind the probe 1 32 as it 
moves by the pressure caused by the advancing movement of the probe 132. Then, the materials will be cooled and 
solidified by the immediate loss of such friction heat. This phenomenon will be repeated with the advancing movement 
of the probe 132, which causes the joining members 1 01 , 1 02 to be joined. 

This friction agitation joining method has advantages in that the materials of metallic joining members are not lim- 

30 ited and the deformation of the joining members caused by heat stress is small. 

When long joining members are to be joined with their longitudinal edges butted, the butted portion may have gaps 
in places due to stress of the joining members. In the friction agitation joining method, because filler metals will not be 
supplied from outside as in melt welding, such as with TIG welding, the materials to be supplied for joining may be insuf- 
ficient at portions where gaps exist. In this case, the gaps will not be filled up, which cause joining defects, resulting in 

35 poor joining. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a friction agitation joining method for joining metallic joining mem- 
40 bers Which can join the joining members at a high joining likelihood without causing joining defects even if there are 
gaps at a butting portion of the joining members. 

In order to achieve the above mentioned object, according to the present invention, in a friction agitation joining 
method for joining metallic joining members wherein a joining device having a column-shaped rotor of a larger diameter 
and a pin-shaped probe of a smaller diameter integrally formed on an end of the rotor and protruded along an axis of 
45 the rotor is used for jbining the metallic joining members, and wherein the probe is rotated and inserted into a butted 
portion, or there-around. of the joining members to soften a contact portion contacted by the probe by friction heat and 
to agitate the contact portion so that the joining members are butt joined, the improvement which comprises: 

preparing the joining members to each have a thick portion at a butting side thereof; 
so touching the rotating rotor to the thick portions under pressure to soften the thick portions by friction heat so that a 
gap formed at the butted portion is filled with materials of the softened thick portions. 

In the above method, since the materials of the thick portions are softened by the heat generated by the strong fric- 
tion of the rotor and go around the probe, the softened materials are agitated together with the materials softened by 
55 the heat generated by the friction of the probe to supply material for joining. Therefore, even if there are gaps in the 
butted portion, the material for joining will not be insufficient, which enables the joining members to join in a state in 
which the gaps are almost completely filled with the materials. 

Other objects and features will be apparent from the following detailed description of the invention with reference 
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to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The preferred embodiments of the present invention will be more fully detailed and the present invention will be bet- 
ter understood from the following description, taken with the appended drawings, in which: 

Figs. 1 A to 1 Q show a first embodiment according to the present invention, wherein Fig. 1 A shows a joining device 
that is about to be inserted into the joining members, Fig. 1 B shows the rotor inserted into thick portions of the join- 
10 ing members, and Fig. 1 C shows a cross-section of the joined members; 

Figs. 2A and 2B are cross-sectional views of an another embodiment of the thick portions of the joining members, 
wherein Fig. 2A shows a joining device that is about to be inserted into the joining members, Fig. 2B shows the 
rotor inserted into the thick portions; 

Fig. 2C is a cross-sectional view of a still another embodiment of the thick portions of the joining members; and 
is Fig. 3 is a perspective view showing related art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the friction agitation joining method for joining metallic joining members according to the 
20 present invention will now be described, in detail, with reference to the accompanying drawings. 

Figs. 1 A to 1 C show a first embodiment of the present invention. Fig. 1 A shows a cross-section of a joined portion 
having a gap when joining members 1, 2 are butted. In Fig. 1A, the reference numeral 3 denotes a joining device for 
use in a friction agitation joining method for joining metallic joining members. 

The joining members 1 , 2 are plate-shaped aluminum extrusions which are butted in the direction of their width and 
25 which are to be joined along their whole length. The joining members 1 , 2 have upwardly protruded thick portions 1 0, 
20 having a rectangular cross-sectional shape at their butting side thereof. 

The joining device 3 is provided with a column-shaped rotor 30 having a larger diameter and a pin-shaped probe 
32 having a smaller diameter. The probe 32 is integrally provided on an end of the rotor 30 so as to protrude along an 
axis of the rotor 30 and is rotated as the rotor 30 rotates. The probe 32 is made of materials which are harder than the 
30 joining members 1 , 2 and can stand friction heat generated during joining. The surface of the rotor 30 is formed to be 
uneven, e.g. screw-shape, to enable an easy frictional agitation of materials of the joining members 1 , 2. 

In the first embodiment, the joining members 1 , 2 are joined as follows. As shown in Fig. 1 A, the joining members 
1 , 2 are fixed to each other with their thick portions 10, 20 butted. In this butted state, the butted portion inevitably has 
gaps 4 in some places. Then, as shown in Fig. 1 B, while rotating the rotor 30 of the joining device 3, the probe 32 is 
35 inserted into a butted portion of the thick portions 1 0, 20. When the end portion 31 of the rotor 30 touches the surface 
of the thick portions 10, 20, the rotor 30 is further pushed down to insert the rotor 30 together with the probe 32 into the 
thick portions 10, 20. Materials of the thick portions 10, 20 where the probe 32 contacts and a region there-around will 
be softened by the friction heat generated by the friction between the probe 32 and the thick portions 10, 20 and by the 
friction between the end portion of the rotor 30 and the thick portions 10, 20, and the softened materials will go around 
40 the probe 32 to be agitated. 

Next, in the above-mentioned state, the rotor 30 and the probe 32 are moved in the longitudinal direction of the join- 
ing members 1 , 2 along the butted portion. It is preferable that the rotor 30 and the probe 32 advance with the rotor and 
the probe slightly leaned backward from an advancing moving direction thereof. The reason is as follows. When this is 
done, a front edge of the rotor 30 located at the front side, toward the advancing moving direction thereof, slightly rises 
45 from the surface of the joining members 1 , 2, the front edge is prevented from being caught on the surface of the joining 
members 1 , 2, resulting in a smooth advancing movement of the rotor 30. 

In accordance with the advancing movement of the probe 32, the softened and agitated materials of the joining 
members 1, 2 are plastically fluidized to go around the probe 32 to fill up a grove formed behind the advancing move- 
ment of the probe' 32 by the pressure caused by the advancing probe 32. Then, the materials will be cooled and solid- 
so if ied by the immediate loss of the friction heat. This phenomenon will be repeated with the advancing movement of the 
probe 32, which enables a friction agitation joining of the butted portion of the joining members 1, 2 along the whole 
length thereof. 

According to the above-mentioned joining method, even rf there are gaps in the butted portion, since the materials 
of the thick portions are softened by the rotor 30 and supplied to the gaps, the softened materials for joining will not be 
55 insufficient, which enables the gaps to be filled with materials. Thus, the joining members can be joined with a high join- 
ing accuracy without causing joining defects. 

A modified embodiment of the thick portions 10, 20 will now be explained as follows. 

As shown in Fig. 2A, the thick portions 10, 20 are formed to have a triangular cross-section having a thickness 
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increased toward the butting sides, respectively. The thick portions 10, 20, each having a triangular cross-section as 
mentioned above, have following advantages. 

As shown in Fig. 2B, when the rotor 30 is pushed down to the thick portions 10, 20 during the joining process, the 
acute peak portions of the thick portions 1 0, 20 are flattened, which can decrease the unevenness of the surface of the 
s joined portions as compared to the rectangular-shaped thick portions shown in Fig. 1C, resulting in a high quality sur- 
face of the joined portion. 

Fig. 2C shows still another embodiment of the joining members 1, 2. The joining members 1 , 2 have thick portions 
1 0, 20 each having butting faces. At lower portions of the butting faces, i.e., at portions opposite to the portions at which 
the probe 32 is inserted, protrusions 12, 22, which are protruded so as to be engaged with each other, are provided. 

10 One of the protrusions has an L-shaped cross-section and the other has a reversed L-shaped cross-section. The width 
of the thick portions 1 0, 20 in a butted and engaged state is preferably set to be smaller than a diameter of the rotor 30. 
However, the width may be set to be larger than the diameter of the rotor 30. When the thick portions 1 0, 20 are formed 
to be engageable with each other as shown in Fig. 2C, the engagement of the protrusions 12, 22 prevents the joining 
members 1 , 2 from being detached, which results in a higher joining efficiency. 

15 The shapes of the thick portions 10, 20 are not limited that described above, and any kind of shape may be 
employed. For example, the thick portions 10, 20, each having a triangular-shape as shown in Fig. 2A, may have pro- 
trusions 12, 22, each having an L-shaped cross-section as shown in Fig. 2C, so as to be engaged each other. 

In addition, the joining members applied to the present invention are not limited to that described above. For exam- 
ple, as for their shape, the joining members are not limited to plate-shaped members. The joining members applied to 

20 the present invention may be any kind of shape. As for the materials, the joining members are not limited to aluminum, 
but may be steel, copper, brass, etc. The joining members may also be manufactured by rolling, casting, die casting, or 
the like. 

As for the advancing movement of the joining device, the present invention is not limited to the above-mentioned 
embodiment in which the rotor is advanced while the rotor is inserted in the thick portions. For example, the joining 
25 device can be advanced after detaching the inserted rotor from the thick portions and then the rotor can be inserted 
again, and this may be repeated. 

Examples according to the present invention will now be described. 

(Example No.1) 

30 

Cross-sectional shape: 

Thick portion: 4 mm thickness x 15 mm width 
Body portion : 3 mm thickness x 130 mm width 

35 

Length: 1000 mm 

Material: JIS 6N01 aluminum alloy (T5 homogenized) 
Manufacturing method: Extrusion 

40 (Example No.2) 

Cross-sectional shape: 

Thick portion: 4 mm thickness x 20 mm width 

45 

(having L-shaped engageable protrusions shown in Fig. 2C) 
Body portion : 3 mm thickness x 125 mm width 
so The other conditions are the same as in Example No. 1 
(Comparison example No.3) 
Cross-sectional shape: 

55 

Thick portion: 3 mm thickness x 200 mm width 
The other conditions are the same as in Example No. 1 
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In example No. 1 , the joining members were fixed with the edges of the thick portions butted. In example No. 2, as 
shown in Fig. 2C. the joining members were fixed with the edges of the thick portions engaged. In the comparison 
example No. 3, the joining members were fixed with the edges of the thick portions simply butted. Then, the butted por- 
tion in each example was joined along the whole length thereof under the following condition. In all of the examples, a 
5 gap of about 0.5 mm width was formed at the butted portion when the joining members were butted. 

Condition of friction agitation joining in the examples: 

Rotation speed: 1500 rpm 
10 Probe : 4 mm diameter x 4 mm length 

Rotor : 20 mm diameter 

In example Nos. 1 and 2, at the initial step when the probe is inserted, the rotor was further inserted by 1 mm from 
the state at which the edge portion of the rotor touched the surface of the thick portions. And, in this state, the probe 
15 and the rotor were advanced along the butted portion of the joining members while softening the materials of the thick 
portions to join the joining members. On the other hand, in the comparison example No. 3, the rotor was not further 
inserted from the state at which the edge portion of the rotor touched the surface of the joining members. And, in this 
state, the probe and the rotor were advanced along the butted portion of the joining members to join the joining mem- 
bers. 

20 Each joint portion was observed. Each below mentioned joint rate denotes a rate of a tensile strength of each joined 
portion to a strength of each base metal. 



Table 1 



Material 


Shape of thick portions 


Joint rate 


Example No. 1 


Rectangular-shape 


95% 


Example No. 2 


EngageaWe L-shape 


97% 


Comparison No. 3 


No thick portion 


70% 



As understood from Table 1 . the joint rates in example Nos. 1 and 2 according to the present invention are higher 
than that in the comparison example No. 3. 

The present invention relates to a frictional agitation joining method for butt joining in which materials of thick por- 
35 tions are softened by friction heat caused by the rotor and is utilized for filling gaps. Therefore, even if there are gaps in 
the butted portion, the material for joining will not be insufficient, which enables the joining members to join in a state in 
which the gaps are almost completely filled with the materials. 

Although preferred embodiments according to the present invention has been described, it should be recognized 
that various modifications are possible within the scope of the present invention. In addition, this application claims pri- 
40 ority to Japanese Patent Application No. Hei 9(1997)-71945, the disclosure of which is incorporated by reference in its 
entity. 

The terms and expressions which have been employed herein are used as terms of description and not of limita- 
tion, and there is no intent, in the use of such terms and expressions, of excluding any of the equivalents of the features 
shown and described or portions thereof, but it is recognized that various modifications are possible within the scope of 
45 the invention claimed. 

Claims 

1 . In a friction agitation joining method for joining metallic joining members wherein a joining device having a column- 
so shaped rotor of a larger diameter and a pin-shaped probe of a smaller diameter integrally formed on an end of said 
rotor and protruded along an axis of said rotor is used for joining said metallic joining members, and wherein said 
probe is rotated and inserted into or around a butted portion of said joining members to soften a contact portion 
contacted by said probe by friction heat and to agitate said contact portion so that said joining members are butt 
joined, the improvement which comprises: 

55 

preparing said joining members to each have a thick portion at a butting side thereof: 

touching said rotating rotor to said thick portions under pressure to soften said thick portions by friction heat so 

that a gap formed at said butted portion is filled up with materials of said softened thick portions. 
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2. The friction agitation joining method for joining metallic joining members as recited in claim 1 , wherein joining said 
joining members is performed while said rotor and said probe is advanced against said joining members along said 
butted portion. 

5 3. The friction agitation joining method for joining metallic joining members as recited in claim 1 , wherein said probe 
is inserted until said end of said rotor contacts said thick portions. 

4. The friction agitation joining method for joining metallic joining members as recited in claim 1, wherein said rotor 
and said probe advance with said rotor and said probe leaning slightly rearward from an advancing direction of said 

10 rotor and said probe. 

5. The friction agitation joining method for joining metallic joining members as recited in claim 1 , wherein said joining 
members are made of an extruded aluminum or its alloys. 

75 6. In a friction agitation joining method for joining metallic joining members wherein a joining device having a column- 
shaped rotor of a larger diameter and a pin-shaped probe of a smaller diameter integrally formed on an end of said 
rotor and protruded along an axis of said rotor is used for joining said metallic joining members, and wherein said 
probe is rotated and inserted into or around a butted portion of said joining members to soften a contact portion 
contacted to said probe by friction heat and to agitate said contact portion, and wherein said rotor and said probe 

20 are advanced against said joining members along said butted portion so that said joining members are butt joined, 
the improvement which comprises: 

preparing said joining members to each have a thick portion at a butting side thereof; 
inserting said probe until said end of said rotor contacts said thick portions; and 
25 touching said rotating rotor to said thick portions under pressure to soften said thick portions by friction heat so 

that a gap formed at said butted portion is filled with materials of said softened thick portions. 

7. The friction agitation joining method for joining metallic joining members as recited in claim 1 or 6, wherein each 
said thick portion is formed to have a rectangular cross-section. 

30 

8. The friction agitation joining method for joining metallic joining members as recited in claim 1 or 6 f wherein each 
said thick portion is formed to have a triangular cross-section having a thickness increased toward said butting side. 

9. The friction agitation joining method for joining metallic joining members as recited in claim 1 , 6, 7, or 8, wherein 
35 each said thick portions have protrusions engageable with each other, each protrusion having an L-shaped cross- 
section and protruding in a butting direction. 
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FIG. 3 

(Related Art) 
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